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7.2  WHITE  RIVER  ECOSYSTEM  METALS  STUDY 


7.2.1  Introduction 


During  1982,  White  River  Shale  Oil  Corporation  funded  an  investigation 
in  the  White  River,  Utah  to  document  the  levels  of  metals  related  to  oil 
shale  development  which  might  occur  in  the  biota  of  the  White  River.  The 
purpose  of  this  program  was  to  determine  these  levels  as  a  baseline  against 
which  future  data  could  be  compared. 

The  selection  of  the  test  contaminants  was  dependent  upon  their 
relationship  to  the  energy  industry.  Suspected  compounds  which  may  impact 
groundwater  or  surface  water  at  the  study  site  included:  soluble  salts; 
reduced  sulphur  species;  soluble  organics  of  highly  variable  composition;  Mo; 
B;  F;  the  trace  metals,  As,  Cd,  Se,  Pb,  Cr,  Zn,  Cu,  Ni ,  Hgs  Fe;  and  other 
undetermined  contaminants  (McWhorter  1980,  Wildung  and  Zachara  1981).  The 
potential  impact  of  the  industrial  waste  streams  to  surface  and  groundwater 
would  depend  upon  the  mass  emissions  of  contaminants,  various 
physical -chemical  interactions  between  contaminants,  the  pollutant  dynamics 
within  receiving  waters  and  the  site-specific  characteristics  of  terrestrial 
and  aquatic  environments.  Based  upon  available  information  on  waste  stream 
characterization  for  the  synthetic  fuels  industry,  the  following  heavy  metals 
were-  selected  for  this  study:  Cd,  Cr,  Cu,  Pb,  Ni  and  Zn, 

Study  Area:  The  White  River,  which  drains  approximately  10,250  km2 
flows  through  several  distinct  geomorphic  regions.  The  drainage  basin  is 
comprised  of  an  upper  mountainous  region  from  which  a  majority  of  the  water 
originates  and  a  lower,  semi -arid  basin  through  which  the  stream  flows,.  This 


• 


• 


lowland  is  frequented  by  intensive  summer  rainstorms  which  drastically  alter 
the  character  of  the  river.  As  stated  previously,  the  drainage  basin  has  not 
been  extensively  developed,  although  deposits  of  oil  shale  from  the  Green 
River  formation  (Piceance  Creek  and  Uinta  Basins)  are  presently  being  mined. 
The  dominant  surfical  deposits  within  the  drainage  basin  are  lacustrine 
sediments  from  Lake  Uinta  (Paleocene  Epoch)  which  consist  of  marlstones 
dominated  by  dolomite  and  calcite.  The  water  quality  within  the  river 
changes  markedly  with  distance  downstream  due  to  physio-chemical  processes 
and  ephemeral  channel  runoff.  The  White  River  also  changes  seasonally  in 
both  flow  and  quality  with  three  distinct  flow  regimes  having  been  observed: 
baseflow,  lower  basin  runoff  and  upper  basin  runoff. 

The  relative  concentrations  of  major  anions/cations  found  in  the  White 
River,  occur  in  the  following  order: 

HC03  -  >  SOj  >  CI  -  >  CO3 
Ca2+  >  Na+  >  Mg2+  >  K+  , 

This  order  reflects  the  geologic  weathering  and  evaporation- 
crystallization  processes  taking  place.  In  general,  the  highest 
concentrations  of  dissolved  substances  has  occurred  between  August  and  March 
(baseflow),  intermediate  concentrations  between  April  and  May  (lower  basin) 
and  the  lowest  concentrations  during  June  and  July  (upper  basin  runoff). 
Data  are  shown  in  Table  7.2-1  for  these  runoff  periods  from  October  1974  to 
September  1976.  Long-term  averages  for  the  1974  -  1980  period  have  indicated 
similar  values.  Suspended  sediment  (SS)  concentrations  in  the  river  have 
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Table  7.2-1. 


The  average  concentrations  for  selected  water  quality 
parameters  in  the  White  River  between  October  1974  and 
September  1976'1'. 


Parameter 

AlkalinityOngCat^/l) 

Dissolved   SoIids(mg/l) 

Hardness (mg/1) 

pH (units) 

Spec.  Cond. (umhos/cm) 

Temperature (mg/ I) 

Chloride  (mg/1) 

Sulfate (mg/1) 

DOC (mg/1) 

Fe(Ug/l) 

Ba(ug/1) 

Al(ug/1) 

rtn(ug/l) 

Cu(ug/I) 

Zn(ug/1) 

Cd(ug/1) 

Cr(ug/1) 

Pb(ug/1) 

Ni(ug/I) 


Basef low 
(August-March) 

n    mean    s.d. 


Lower  Basin  Runoff 
(April -May) 

n    mean    s.d. 


Upper  Basin  Runoff 
(June-July) 

n    mean    s.d. 


89  199  16 

81  526  51 

89  289  31 

64  8.1  0.4 

91  813  121 

38  10.0  8.8 

88  40.0  12.0 

89  176  21 
11  6.8  3.9 
57  28  4l  . 
33  48  91 

55  17  16 

56  4  8 
51  6.0  22 

45  21  '   34 

46  <  1  1 
40  2  8 
46  2  2 
46  5  5 


27  177  58 

25  588  44 

27  301  25 

24  8.2  0.6 

27  874  71 

30  6.3  5.1 

27  41.0  6.0 

27  209  20 

6  5.8  3-4 

19  33  21 

14  38  38 

19  30  25 

18  9  7 

19  41  82 

19  12  16 

20  1  1 
14  2  5 

13  4  10 

14  '2  1 


32    134  22 

29   293  74 

32    184  39 

28    7.8  .6 

32    473  132 

32   15.5  3.9 

32   15.5  8.5 

32    88  39 

8  5.3  1.5 
20    38  25 

1     27  48 

9  30  19 
20    38  25 

4  4 

4  5 

<1  .45 

<1  <1 

1  1 

3  2 


(D 


Although  values  may  change  from  year  to  year,  the  data 
presented  in  this  table  are  representative  of  the  different 
flow  conditions  (WRS0C  1977). 
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shown  a  direct  relationship  with  streamflow.  Sediment  levels  and  flows 
fluctuate  widely  in  response  to  local  precipitation  events  (Figure  7.2-1). 
During  baseflow,  SS  levels  averaged  100-200  mg/1  whereas  during  upper  basin 
runoff  the  levels  of  SS  were  100-5000  mg/1  (depending  upon  stream  flow). 
Furthermore,  SS  concentrations  have  been  recorded  as  high  as  37,600  mg/1  in 
the  White  River  near  Watson,  Utah  in  response  to  a  storm  event. 

Metal  levels  were  generally  within  the  standards  for  the  protection  of 
aquatic  life  although  at  times  the  standards  were  exceeded  or  nearly  exceeded 
for  Cu,  Pb,  Hg,  Zn  and  Ag  (Utah  1978).  Previous  studies  (ERI  1981,  1982) 
have  indicated  that  the  White  River  receives  natural  periodic  heavy  metals 
loads  associated  with  storm  events  within  its  watersheds  which  frequently 
result  in  excessive  levels  of  dissolved  metal.  For  example,  during  March 
1975,  a  storm  event  increased  the  flow  of  the  White  River  from  500  to  1100 
cfs,  increased  SS  from  200  to  2500  mg/1  and  dissolved  copper  from  4  ug/1  to 
340  ug/1.  This  phenomena  has  been  noted  for  other  metals,  particularly  Zn, 
Pb  and  Cr  (Medine,  unpublished  data). 

7.2.2  Program  Summary  And  Recommendations 

The  metals  study  conducted  in  the  White  River  adjacent  to  Tracts  Ua  and 
Ub  has  provided  site-specific  data  for  future  comparisons.  More  importantly, 
this  study  has  allowed  a  brief  look  into  the  mechanisms  regulating  the  heavy 
metal  dynamics  in  the  White  River  ecosystem.  While  this  study  has  not 
provided  the  definitive  description  of  metal  dynamics  in  the  White  River,  it 
has  increased  our  understanding  to  the  point  that  pending  regulations  may  be 
quantitatively  addressed.  The  conclusions  to  be  drawn  from  this  study 
include  the  following: 
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Figure  7.2-1.  The  discharge  patterns  for  the  White  River  between  1980  and  1982. 
BF  =  base  flow;   LF  =  lower  basin  runoff;   UB  =  upper  basin  runoff. 
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o  The  metal  concentrations  in  the  ecosystem  components  of  the  White 
River  are  consistently  higher  than  the  background  levels  reported 
for  uncontaminated  systems. 

©  A  major  source  of  copper  and  most  likely  Zn  into  the  White  River  are 
the  dry  washes  and  overland  runoff. 


©  Spatial  differences  were  found  along  transects  and  were  correlated 
with  the  location  of  alluvial  fans.  An  inspection  of  alluvial  water 
quality  indicated  close  agreement  between  well  water  quality  (metal 
concentrations)  and  the  elevated  metal  levels  in  the  river 
organisms. 

©  Macroinvertebrates  appeared  to  amplify  the  metal  concentrations  in 
the  river  water. 

c  Carbonate  pre_c|p|tates  demonstrated  the  same  pattern  as  the 
macroinvertebrates  but  appeared  to  provide  a  long-term  average  of 
river  water  quality. 

©  Although  fish  and  sediment  organics  provide  the  same  integrating 
capacity  as  the  precipitates,  they  are  extremely  mobile  and  may  not 
reflect  site-specific  conditions. 


o  The  organisms  in  the  White  River  appear  to  have  adapted  to  the 
periodic  high  metal  loads.  They  do  not  appear  to  be  adversely 
affected  by  the  elevated  metal  levels. 

0  Adsorption  of  metals  by  suspended  sediments  in  the  White  River  is  a 
major  mechanism  of  removal  of  the  soluble  form. 

e  It  is  believed  that  Chromium  in  the  White  River  occurs  dominantly  as 
Cr+  rather  than  Cr  .  However,  based  upon  concentrations  in 
organisms  adjacent  to  alluvial  fans,  alluvial  water  is  most  likely 
Cr  VI. 

«  Nickel  does  not  fit  the  classical  adsorption  pattern  reported  in  the 
literature.  It  is  believed  that  Ni  is  complexed  or  chelated  in  the 
river  water  and  is  prevented  from  interacting  with  solid  phases. 

Based  upon  the  results  of  this  study,  ERI  recommends  that  the  major  dry 
washes  and  associated  alluvial  fans  which  may  be  impacted  by  the  project,  be 
investigated  for  potential  inputs  of  heavy  metals  and  organics.  This 
investigation  should  center  on  shallow  alluvial  water  quality  and  the 
adjacent  concentration  of  metals  in  the  macroinvertebrates  and  precipitates. 
If  done  in  a  predevelopment  fashion,  these  two  ecosystem  components  will 
provide  a  short-term  (major  event)  and  long-term  (major  trend)  monitoring 
tool  which  will  integrate  White  River  water  quality.  Because  both  are 
stationary,  they  also  will  provide  an  exact  site-specific  environmental 
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assessment. 

It  is  apparent  that  suspended  sediments  play  an  important  role  in  the 
metal  dynamics  of  the  White  River,  It  is  suggested  that  suspended  sediment 
monitoring  be  done  as  frequently  as  possible. 

Because  of  the  behavior  of  Cr  and  Ni,  and  the  potential  for  the 
production  of  organics  as  a  by-product  of  the  project,  it  is  suggested  that 
the  intensive  site-specific  metal  survey  outlined  above  be  done  in 
conjunction  with  an  organics  survey. 

During  1982,  the  Environmental  Protection  Agency  (USEPA  1982)  published 
a  draft  Water  Quality  Standards  Handbook,  the  purpose  of  which  was  to 
"improve  the  management  of  the  water  quality  standards  program  by  ensuring 
that  the  water  quality  standards  decision-making  process  is  based  on 
appropriate  data  and  analysis,  open  debate  among  scientist  peer  groups,  and 
the  participation  of  those  affected  by  the  decision".  This  outlined 
procedure  which  would  be  carried  out  by  the  appropriate  state  agencies, 
involved  an  attainability  policy,  site-specific  criteria  development  and  the 
development  of  site-specific  standards.  The  research  reported  in  this 
report,  represents  a  basis  for  providing  these  regulatory  agencies  with  a  new 
approach,  for  developing  the  methods  and  procedures  for  site-specific  water 
quality  standards. 

Inherent  in  this  new  approach  will  be  defining  the  site-specific 
criteria  protocol.  Herein  could  lie  the  major  differences  in  our  proposed 
approach  compared  to  previous  assessment  efforts  (USEPA  1982a,  USEPA  1982b). 
These  previous  guidelines  have  proposed  the  use  of  various  procedures; 
including  a  resident  organism  recalculation,  indicator  species,  resident 
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species  bioassay,  and  total  versus  soluble  metal  measurements.  The  approach 
proposed  in  this  document  incorporates  several  of  the  procedures  described  in 
the  USEPA  guidelines  (1982)  but  also  contains  major  amplifications  and 
modifications.  An  outline  of  our  suggested  procedure  can  be  seen  in  Figure 
7.2-2.  Our  criteria  development  depends  upon  quantitatively  establishing  the 
critical  or  most  sensitive  ecosystem  components  or  processes,  conducting  jj_n_ 
situ  subacute  assays  upon  these  specific  components  and  supplimenting  this 
data  with  laboratory  experiments  and  published  literature.  As  noted  in 
Figure  7.2-2,  WRSOC  has  already  accomplished  the  first  half  of  this  protocol 
development.  A  load  allocation  would  be  the  final  output  of  this  criteria 
development  process  which  can  be  completed  through  the  "model  validation" 
previously  proposed. 

In  order  to  rationally  regulate  the  potential  environmental  pollutants 
from  the  project,  an  innovative  approach  to  the  development  of  water  quality 
criteria  is  necessary.  The  criteria  selection  process  must  ensure  that  water 
quality  standard  decisions  are  based  upon,  (1)  appropriate  data  which 
reflects  local,  site-specific  environmental  conditions  in  the  White  River, 
(2)  ecosystem  response  to  the  target  pollutants  and,  (3)  anticipated 
downstream  use.  The  approach  should  carefully  evaluate  both  spatial  and 
temporal  variability,  the  influence  of  hydrologic  phenomena,  natural 
mechanisms  for  the  attenuation  of  ambient  pollutant  levels  and  the  allowable 
mass  emissions  within  the  constraints  imposed  by  the  attainable  or 
established  use.  The  basic  hypothesis  under  which  criteria  development 
should  proceed  is  that  the  systematic  evaluation  of  structure,  function  and 
the  physical-chemical -biological  interrelationships  of  an  aquatic  ecosystem 
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Figure  7-2-2.  An  information  flow  diagram  for  establishing  site 
specific  water  quality  criteria  and  load  allocations. 
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can  lead  to  the  development  of  scientifically  defensible,  site-specific  water 
quality  criteria  and  tolerable  mass  emissions  (load  allocations).  An  attempt 
has  been  made  in  Figure  7.2-2  to  outline  the  perceived  necessary  steps  for 
establishing  the  site-specific  criteria  development  process. 

7.2.3  Program  Description 

7.2.3.1  Study  Objectives  Specific  objectives  of  this  study  were: 


•  Define  the  mechanisms  of  transport  and  transformation  for  selected 
metals  in  the  White  River  (pathway  identification). 

«  Determine  the  ultimate  fate  of  selected  metals  in  the  White  River 
ecosystem  (structural  distribution). 

•  Based  upon  study  results,  provide  WRSOC  with  recommendations 
relative  to  the  existing  metals  levels,  metal  loading  locations,  and 
future  regulatory  requirements. 

7.2.3.2  Experimental  Methods   Three  sites  were  selected  along  the 
middle  course  of  the  White  River  for  the  first  set  of  samples  taken  on 
4-25-82  (Figure  7.2-3).  A  more  comprehensive  collection  was  made  on  10-8-82 
encompassing  six  sites.  The  upstream  site  for  both  collections  was  in  the 
White  River  at  Cowboy  Canyon  and  represented  an  area  of  the  river  above  major 
outcrops  of  raw  shale  of  the  Green-River  Formation.  The  intermediate  site, 
WRSOC  monitoring  transect  WR03  (below  Evacuation  Creek),  was  selected  because 
of  its  location  relative  to  the  only  perennial  tributary  along  this  section 
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Figure  7-2-3.   The  location  of  the  White  River  and  the  Federal  Lease 
Tracts  Ua-Ub.   Sample  sites  are  noted  by  "x". 
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of  the  White  River  (four  miles  below  Cowboy  Canyon)  and  the  presence  of  raw 
shale  outcrops  within  the  river  itself.  The  lower  site  sampled  during  the 
first  collection  was  WRSOC  monitoring  transect  WR18  at  Southam  Canyon,  10 
miles  downstream  from  the  Evacuation  Creek  site.  This  site  was  adjacent  to 
the  Federal  Lease  Tracts  Ua  and  Ub.  The  second  collection  included  all  of 
the  above  sites  and  the  addition  of  a  collection  site  immediately  above 
Evacuation  Creek,  as  well  as  sites  above  and  below  Asphalt  Wash  which  was 
approximately  5.0  miles  below  the  Southam  Canyon  site  on  the  White  River. 

A.  Held  Methods.  At  each  site,  a  rocky  substrate  area   was  selected  for 
sample  collections.  Periphyton  was  scraped  or  picked  from  the  rock 
substrates,  placed  in  plastic  bags,  frozen  and  returned  to  the  laboratory. 
In  a  similar  manner,  rocks  which  contained  a  white  precipitate  were  scraped 
in  the  field,  placed  in  a  plastic  bag,  frozen  and  returned  to  the  laboratory. 
Coarse  detritus  was  collected  concurrently  with  the  macroinvertebrate 
samples.  Substrate  sediment  samples  were  collected  from  the  stream  bottom 
and  returned  to  the  laboratory  for  drying  and  screening  «0.25mm).  Fish  were 
collected  by  seining  at  each  site,  frozen  and  returned  to  the  laboratory  for 
processing. 

B.  Laboratory  Methods.   Periphyton,  precipitates,  sediments,  ' 
macroinvertebrates,  detritus  and  fish  were  separated,  air  dried, .dissected  if 
necessary  and  homogenized.  The  solid  samples  were  then  freeze-dried  prior  to 
preparation  for  digestion.  Dried  samples  were  weighed  to  the  nearest  0.01  mg 
prior  to  digestion  with  the  total  weight  for  most  samples  between  0.500  and 
1,000  g.  Samples  which  were  less  than  0.500  g  were  digested  in, a 
micro-digestion  apparatus  which  used  smaller  digestion  tubes  (approximately 
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10  ml )  and  proportionally  reduced  reagent  volumes- 
All  glassware  was  thoroughly  washed  and  soaked  overnight  in  1:1  HC1  and 
rinsed  with  reagent  grade  water  (Millipore  Mi  11 i -Q  System).  Hot  1:1  nitric 
acid  was  added  to  each  piece  for  an  additional  24-hour  soaking.  Final 
preparation  included  three  rinses  with  reagent  grade  water  and  one  additional 
soak  with  1:4  HN03  (ultra-pure)  and  three  final  rinses  with  reagent  grade 
water.  Results  indicated  very  little  contamination  from  reagents  and 
processing  of  the  samples.  The  digestion  procedure  involved  a  nitric  acid 
and  hydrogen  peroxide  digestion  of  the  samples  in  a  Tecam  block  digestor 
programmed  for  at  least  8  hours  of  digestion  at  150°C.  Dried  samples  were 
placed  in  75  ml  digestion  tubes,  followed  by  5.0  ml  of  HN03.  Digestion  was 
carried  out  for  several  hours  after  which  2.0  ml  of  H202  was  added  to  each 
tube.  Blanks  were  carried  through  the  entire  process  for  subtraction  of 
metal  mass  in  reagents  and  water  used  in  the  process.  Solid  samples  from  the 
National  Bureau  of  Standards  and  aqueous  metal  samples  from  the  EPA  were  used 
to  evaluate  recovery  (95-100%)  and  to  establish  appropriate  instrumental 
parameters.  After  digestion,  samples  were  filtered  (if  necessary)  and 
brought  up  to  a  defined  volume  (75  ml -macro;  10  ml -micro). 

The  analysis  of  sample  extracts  was  carried  out  using  an  Instrumentation 
Laboratory  Model  IL-551  Atomic  Absorption  Spectrophotometer  equipped  with  a 
Model  IL-555  graphite  furnace  and  a  Model  IL-254  Fastac  Autosampler. 
Relative  standard  deviations  (n=3)  for  all  standards  were  kept  below  2.0%  and 
were  generally  1.0%  or  less.  Samples  were  analyzed  in  the  linear  range  or 
diluted  to  respond  to  the  linear  range  of  the  instrument.  A  minimum  of  five 
standards  were  used  to  generate  standard  curves.  Additional  analyses  were 
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conducted  on  the  precipitates  for  Al ,  Fe,  Ba,  Mns  Ca  and  Mg  by  an 
Instrumentation  Laboratory  Model  IL-200  Inductively  Coupled  Argon  Plasma 
Spectrometer. 

7.2.4  Program  Results  and  Analysis 

As  noted  in  the  previous  section,  two  separate  collections  for  metals 
were  made  at  selected  sites  along  the  White  River  during  1982.  These  two 
time  periods  represented  different  hydrological  conditions  within  the  river 
system.  The  first  sample  period  (4-25-82)  represented  a  period  of  time  where 
flow  conditions  were  low  and  TDS  levels  high  (Table  7.2-2).  The  biological 
community  reflected  these  conditions  with  high  biomass  levels.  However,  the 
second  set  of  samples  was  taken  after  spring  runoff. in  an  unusually  wet 
summer  with  frequent  storm  events  (Figure  7.2-1).  Flow  was  substantially 
higher  and  TOS  levels  lower.  The  biomass  levels  at  the  same  sites  were  also 
reduced  substantially. 

7.2.4.1  Structural  Distribution   A  comparison  of  the  metal 
concentrations  in  the  various  components  of  the  White  River  ecosystem  for  the 
two  dates  can  be  seen  in  Table  7.2-3.  These  values  represent  the  mean 
concentrations  for  a  sample  date,  regardless  of  site  location.  In  general, 
Cd,  Cr  and  Ni  were  reduced  in  concentration  for  all  ecosystem  components 
between  the  two  samples  dates,  whereas  Zn,  Cu  and  Pb  decreased  in  only 
one-half  of  the  compartments. 

During  the  4-25-82  sample  period,  the  following  sequence  was  observed 
for  the  metal  concentrations  in  the  ecosystem  (highest  to  lowest): 

macroin vertebra tes>coarse  detritus>fine  detritus>algae>fish>precipi tates 


• 
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Table  7.2-2. 


A  comparison  of  physical,    chemical    and   biologica' 
structural    parameters    in   the  White  River  at   two 
representative   riffle   transects  during   the  two 
sample   periods. 


Parameter 

Location 

Date 

N 

Mean+S.£. 

Min 

Max 

Fine  Detritus  {%) 

WR03^^ 

4/82 
10/82 

6 
5 

1.02  +  .06 
.57  +  .10 

WR18(2> 

4/82 
10/82 

5 

5  ■ 

1.06  +  .08 
.76  +  .20 

Coarse  Detritus  (g/m^) 

WR03 

4/82 
10/82 

6 
5 

51.8  +  17-8 
10.5  +  3.1 

WR18 

4/82 
10/82 

9 
5 

97.4  +  46.1 
17-6  +  5.4 

Algae  (mg  Chi  a/m^) 

WR03 

4/82 
10/82 

5 
3 

61.8  +  21.6 
36.8  +  6.9 

WR18 

4/82 
10/82 

5 
5 

43.0  +  14.5 
24.4  +  15.3 

Macro invertebrates(#' s/m^) 

WR03 

4/82 
10/82 

6 
5 

135  +  71 

80  +  80 

> 

WR18 

4/82 
10/82 

8 
5 

71  +  25 

120  +  28 

Macro invertebrates(mg/m^) 

WR03 

4/82 
10/82 

6 

5 

50  +  31 
4  +  4 

WR18 

4/82 
10/82 

8 

5 

72  +  33 

34  +  15 

Organic  Drift  (g/hr) 

WR18 

4/82 
10/82 

3 
2 

73.7  +  13.7 
159.8  +25.9 

Flow  (cfs) 

WR27(3) 

4/81  to  4/82 
5/32  to  1 0/82 

28 
14 

477  +  61 
1183  +  171 

176 

454 

1489 
2050 

TDS  (mg/1) 

WR27 

4/81  to  4/82 
5/82  to  10/82 

19 

22 

465+18 
303  +  22 

336 
159 

562 
467 

Conductivity  (umhos/cm) 

WR27 

4/81  to  4/82 
5/82  to  10/82 

26 
21 

736  +  31 
499  +.  234 

578 
234 

898 

659 

pK  (units) 

WR27 

4/81  to  4/82 
5/82  to  10/82 

30 

22 

8.19  +  .05 
7.95  +  .06 

7.40 
7.38 

8.70 
8.68 

*         WR03  "  Evacuation   Creek  Site 
'2/     WR18  »  Southam  Canyon  Site 
&'     WR27  -  Asphalt  Wash  Site 


• 


Table  7-2-3.      A  summary  of  all   metals  data  collected    in   the  White 
River  by  date  during  the  special    study. 
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Metal  Concentrations  (x.+  S.E.;  ug/g  O.W.) 


Compartment 

Date 

Mo. 

Cadmium 

Chromium 

Copper 

Lead 

Nickel 

Zinc 

Hater    (ug/I) 

.I3S  *  .074 

3.14 

1  -55 

2.65 

♦  .46 

.64  1  .26 

3.47  1  .79 

14.0  1  4.9 

4-25-81 

(6) 

•S3  ♦  .16 

38.5 

♦  7.4 

14.9 

♦  1.5 

10.3  +  1.57 

19.9  12.5 

23.9  12.9 

Precipitate      (CaCOj) 

10-8-82 

(12) 

M  *  .03 

31.7 

13.7 

12. 4 

1  .41 

12.7  1  .61 

8.28  1  1.06 

30.67  1  2.71 

Tina  Detritus-Sediments 

4-25-82 

U) 

1.05  ♦  .12 

67.5 

+  7.0 

19.2 

1.58 

35.6  12.27 

24.8  +  .96 

78.1  1  3.2 

Coarse  Detritus 

4-25-82 

(2) 

2.48  *  .67 

29.1 

115.5 

122.1 

1  102.0 

17.6  i  12.7 

24.7  1  19.4 

206.0  i  37.0 

10-8-82 

(20 

.80  *  .04 

14.3 

*  .88 

51.4 

13.9 

17.9  1  -5 

8.81  1  .47 

70.0  1  3.1 

Algae 

4-25-82 

(4) 

1.29  *  .12 

58.6 

♦  8.0 

14.6 

14.9 

22.4  ♦  1.8 

23.9  14.3 

83.2  1  24.1 

T 0-8-82 

(14) 

.47  *  .06 

43.4 

♦  2.8 

27.2 

14.7 

45.5  1  11.5 

14.4  ♦  1.3 

50.0  l4.J 

Kacro invertebrates 

Predators 

4-25-82 

(2) 

14.3  ♦  3.0 

85.4 

♦  54.0 

56.4 

♦  17.0 

28.8  1  16.0 

37.8  1  23.0 

219.0  1  20.0 

10-8-82 

(3) 

2.33  ♦  1.04 

12.9 

17.63 

80.7 

152.1 

9.99  +  4.78 

3.42  12.26'. 

623.0  1447.0 

Omnlvores 

4-25-82 

(1) 

1.81 

60.5 

43.4 

3.8 

35.1 

226.0 

10-8-82 

(14) 

2.11  ♦  .64 

7.44 

1  1.18 

85.1 

♦  29.9 

10.9  12.49 

4.25  1  .94 

437.0  1  203.0 

Total   Hecrolnvertebretes 

4-25-82 

(6) 

12.9  ♦  6.5 

72.5 

♦  23.4 

92.1 

♦  25.5 

20.4  ♦  6.8 

47-5  1  14.8 

275.0  *  31.3 

10-8-82 

(17! 

2.15  ♦  .55 

7.85 

♦  1.36 

84.3 

12S.7 

10.71  1  2.16 

4.11  1  .85 

469.0  »  180.0 

Fish 

Flannelmouth 

4-2S-82 

(2) 

1.67  •  .05 

13.89 

♦  6.8 

12.4 

♦  .09 

3.63  1  .15 

6.01  1  2.5 

118.1   ♦  13.4 

10-8-82 

(4) 

.26  *  .03 

2.02 

♦   .44 

40.1 

17.1 

1.11  1  .18 

.79  1  .14 

74.0  1  3.1 

Chubs 

4-2S-82 

(5) 

2.35  ♦  .94 

3.03 

13.3 

26.6 

1  15.2 

2.35  1  .71 

3.93  1  .89 

265.0  +43.0 

10-8-82 

(3) 

.21  ♦  .05 

2.23 

1  -'6 

32.2 

♦  1.9 

1.16  +   .21 

.25  1  .06 

126.0  1  12.3 

Slueheads 

4-25-82 

(2) 

1.07  *  .22 

5.17 

1  .80 

16.4 

1  1-3 

2.52  1  .01 

2.52  1  .24 

73.5  11.4 

1-8-82 

(2) 

.14  ♦  .02 

7.06 

1  1.8 

33.2 

♦  7.8 

2.34  ♦  .48 

I.3S  1  .55 

81.3  ♦  7.6 

Speckled   Dace 

4-2S-82 

(1) 

0.93 

.26 

10.2 

0.79 

1.96 

218.0 

10-3-82 

(4) 

.36  ♦  .04 

1.36 

♦  .42 

20.1 

13.4 

.79  1  .12 

-34  *   .13 

135.0  1  14.0 

Total    Fish 

4-2S-82 

(11) 

1.94  *  .45 

7.79 

♦  2.20 

18.6 

Is-' 

2.44  ♦   .38 

4.98  ♦   1.33 

193.0  •  31.0 

10-8-82 

(14) 

.26  *  .03 

2.65 

1  .59 

30.4 

♦  3.1 

1.45  1  .28 

.68  ♦   .t4 

110.5  1  9.7 

• 
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This  sequence  changed  during  the  10-8-82  sample  period  with  the  following 
order  being  noted: 

coarse  detritus>algae>macroinvertebrates>precipitates>fish 

Although  these  are  general  sequences  and  tend  to  vary  from  metal  to  metal, 
the  organic. phases  (detritus,  algae  or  macroinvertebrates)  were  always  higher 
in  concentration  when  compared  to  fish  or  CaC03  precipitates. 

A  spatial  comparison  of  the  metal  levels  by  trophic  groups  (Table  7.2-4; 
Figures  7.2-4  and  7.2-5)  indicated  that  the  abiotic  compartments  (carbonate 
'precipitate  and  the  fine  detritus  sediment  fraction)  increased  with  distance 
downstream  but  did  not  demonstrate  wide  variability.  A  similar  pattern  was 
found  for  the  fish.  A  comparison  between  dates  for  the  precipitates  and  fish 
indicated  that  their  respective  metal  sequences  (highest  to  lowest 
concentration)  were  the  same  for  both  sample  dates  (Figures  7.2-4  and  7.2-6). 
It  is  interesting  to  note  that  the  Crs  Ni s  Cu  and  Cd  metal  concentrations  in 
the  precipitated  carbonates  were  reduced  in  the  river  just  below  Evacuation 
Creek  (site  WR03)  during  the  second  sample  period.  A  detailed  analysis  was 
undertaken  to  better  define  the  composition  of  these  precipitated  materials. 
A  preliminary  analysis  can  be  seen  in  Table  7.2-5  for  four  of  the  sites 
sampled  on  10-5-82.  A  comparison  of  calcium  carbonate  concentrations  in  the 
precipitates  from  above  and  below  Evacuation  Creek  indicated  that  the  calcium 
component  of  the  precipitate  increased  downstream  from  the  Evacuation  Creek 
site  (14.2  to  44.3  mg  Ca++/gm  precipitate). 
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Table  7.2-4.      The   temporal    and    spatial    concentration  of  metals    in 
various   trophic  categories  of   the  White  River. 


COWBOY   CANYON 


Hetal  Concentration  (ug/g  dry  weight;  x  +   S.E.) 


Oats 
lt-25-82 

Cadmium 

Chromium 
40.9  ♦  11.3 

Copper 

Lead 

Nickel 

line 

Precipitin 

0.17  ♦  .07 

12.9  ♦  1.03 

5.71  ♦  o 

15 

24. 6  ♦  3.5 

26.2  *  2.5 

1 0-8-82 

0.1(2 

31.8 

11.4 

8.16 

11.5 

J7.J 

Alga* 

4-25-82 

0.32 

3-5 

8.1 

10.8 

M 

'  29.0 

10-8-82 

1.0J 

4o.6 

13.7 

10.4 

27.9 

34.6 

Fine  Detritus 

4-25-82 
10-8-82 

0.82 

62.2 

19.8 

36.2 

25.8 

77.2 

Curia  Detritus 

4-25-B2 

- 

- 

— 

— 

„ 

M 

10-8-82 

0.56 

11.8 

26.2 

(.58 

U.I. 

44.5 

R*crolnvertabretes(ill    special) 

4-25-82 

50.7 

IM 

49.3 

1.38 

45.0 

172.0 

10-8-82 

0.55 

1.23 

0.3* 

0.21 

0.73 

19.3 

Fish   (all   species) 

4-25-82 

I. 51  ♦  .20 

"••35  J  0.5 

9-9  ♦  .7 

1.99  10. 

23 

5.11  ♦  1.35 

154.0*  17.5 

10-8-82 

0.2J  ♦  .01 

I.S2  10.2 

34.6  i  I.I 

o.6i  ♦  a. 

9 

0.98  ♦  .08 

39.6  110.6 

BELOW   EVACUATION   CREEK 


Hetal   Concentration   (ug/g  dry  weight;  5  *  3.E.) 


Precipitate 

Algae 

Fine  Detritus 

Coarse  Detritus 

Haerclnverteoratesfel!  species) 

Fish  (all  species) 


Date 

Cadmium 
0.99  ♦  0.1 

Chromium 

43.5  ♦  10.4 

Copper 
17.8  ♦  0.3 

Lead 

Nickel 
20.2  ♦  0.4 

Zinc 

4-25-82 

11.9  *  1.0 

29-2  *  0.4 

10-8-82 

0.34 

10.4 

5.32 

5.38 

8.20 

.    28.7 

4-25-82 

1.05 

46.2 

17.4 

27.0 

17.9 

54.1 

10-8-82 

0.34  ♦  .11 

53.9  ♦  3.8 

30.2  ♦  10.7 

ia.s  *  1.6 

43.2  *  12.8 

66.9  ♦  6.9 

4-25-82 

t.tt 

53.9 

18.0 

31.4 

22.7 

73.1 

10-8-82 

— 

— 

— 

- 

- 

.. 

4-25-82 

1.80 

44.6 

203.0 

30.2 

44.2 

243.0 

10-8-82 

0.75  ♦  .10 

21.1  *  6.7 

57-3  111.5 

20.2  ♦  4.0 

7.58  *  .47 

66.7  +  5.5 

4-25-82 

39.1 

117.0 

79.2 

19.9 

103.0 

254.0 

10-8-82 

0.76  *  .08 

4.58  ♦  1.12 

14.9  ♦  1.90 

2.08  *  .39 

2.01  *  1.06 

208.0  *  17.0 

4-25-62 

1.54  *  .15 

5.17  J  0.44 

13.8  *  1.29 

1.75  *  .21 

3.13  ♦  .62 

186.0  ♦  33.0 

10-8-82 

0.21  *  0.6 

5.02  ♦  2.70 

30.3  ^6.4 

1.89  *  .60 

0.94  *  .51 

110.0  *  29.0 

S0UTHAM   CANYON 


Mete)  Concentration   (ug/g  dry  weight;   x  *  S.E.) 


Precipitate 

Algaa 

Fine  Oetrltut 

Coarse  Oetrltut 

Necrolnverta4rates(al1   species) 

Fish   (all   specleo) 


4-2S-82 
10-8-82 

4-25-82 

10-8-82 

4-25-82 

10-8-82 

4-25-82 

10-8-82 

4-25-82 

10-8-82 

4-25-82 

10-8-82 


0.58  ♦  .01 
0.44  ♦  .06 

1.42 
.72  ♦   .01 


3.15 

.79  *  .04 

9.06  *  2.50 
0.52 

3.07  •  .70 
0.27  •  .04 


31.0  ♦  .01 
25.2  ♦  1.5 

49-3 
42.9  *   13.4 


13-5 
11.3  »  .60 

64.6 

12.5 

16.8  •  2.75 
2.12  ♦  .59 


Copper 

20.1  ♦  1.5 
13.6  ♦  I. 5 

12.6 
31.9  ♦  4.6 

19-7 

41.1 

53.2  ♦  3.5 

206.0 
198.0 

37.3  *  14.4 
28.3  ♦  1.3 


13-5  i.0.2 
7.27  *  .54 

21.0 
15.4  ♦  8.7 


4.94 
1.95  ♦  .68 

23. 5 
6.73 

J.«7  ♦  .32 
0.50  »  .20 


Nickel 

18.7  *  .01 

12.0  *   .15 

17.4 

52.8  ♦  23.4 

25.8 

5.27 

17.1  *  .3 

55.7 
14.1 


Zinc 

25.7  i4.3 
23.0  •  1.5 

50.3 
54.3  ;  .0 

34.2 

169. 0 
62.7  JS.S 

335.0 
303.0 

6.59  1  1.0         267.0  »S2.0 
1.71   1  .70         123.0  •  17.0 


• 


• 
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Figure   7.2-4.     The   distribution   of  metal    concentrations    in   precipitates 
collected   at   different    sites    from   the   White   River  on   4/5/82   and 
10/5/82. 
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Figure  7-2-5.   The  distribution  of  metal  concentrations  in  fine 
detritus  from  sediments  collected  at  different  sites  from 
the  White  River  on  4/5/82. 
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Figure   7-2-6.     The  distribution   of  metal    concentrations    in   fish   collected 
in    the  White   River  on   4/5/82   and    10/5/82. 
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Table  7-2-5.   The  ICP  analysis  of  the  elemental  components  of  the 

precipitates  collected  from  the  White  River  on  10-8-82. 


Concentration  (mg/g) 


White  River  Location       Al      Fe      Ba      Mn      Ca      Mg 


Cowboy  Canyon  9.5  9.0  0.33  oAz  l4<2  s^ 

Above  Evacuation  Creek  7.2  7.0  0.23  0.36  14.3  6.9 

Southam  Canyon  (WR18)  8.3  9.8  0.33  0.49  44.3  15.5 

Asphalt  Wash  (WR27)  12.8  15.3  Q.48  0.44  26.4  12.2 


24 


In  a  similar  manner,  the  concentration  of  metals  within  the  fish  trophic 
structure  was  further  refined  to  include  species  with  different  food  habits 
as  well  as  metal  concentrations  in  various  fish  organs.  A  comparison  between 
the  two  sample  dates  for  the  body  metal  loads  of  the  fish  indicated 
species-specific  changes.  During  the  first  sample  period  the  following 
sequence  was  observed  from  highest  to  lowest: 

roundtail  chub>flannelmouth  sucker>bluehead  sucker>speckled  dace 

However,  during  the  second  sample  period  the  sequence 

bluehead  sucker>flannelmouth  sucker>roundtail  chub>speckled  dace 

was  observed  with  a  translocation  of  bluehead  suckers  and  roundtail  chubs. 
The  distribution  of  cadmium  in  fish  organs  can  be  seen  for  the  study 
locations  on  10-8-82  in  Table  7.2-6.  The  metal  concentration  of  various 
organs  did  display  changes  by  sample  site.  For  example,  the  concentration  in 
skin  increased  steadily  with  distance  downstream,  whereas  the  bone,  muscle 
and  liver  had  a  marked  depression  at  the  Evacuation  Creek  site.  The  cadmium 
concentration  in  the  gastrointestinal  tract  corresponded  well  with  the 
cadmium  levels  of  the  stomach  contents  for  the  same  fish.  A  comparison  of 
the  mean  cadmium  concentrations  in  the  organs  (including  all  sites)  indicated 
the  following  sequence  of  highest  to  lowest  concentrations. 

liver>kidney>gastrointestinal>fat>bone>skin>ovaries>muscle 
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Table  7.2-6. 


The  cadmium  concentration  of  fish  organs  at  selected 
locations  in  the  White  River,  Utah.  Values  represent 
mean  (+S.E.)  concentrations  in  bluehead  suckers  and 
roundtail  chubs  collected  on  10-8-82. 


Location  In  The 
White  River 

Cowboy  Canyon 
Evacuation  Creek 
Southam  Canyon 
Asphalt  Wash 

Mean(+S.E.) 


Gastro 
Skin      Intestinal    Bone 


Cadmium  Concentration  (mean+S.E.)  In  Organs  (ug  Cd/g  dry  weight) 
Muscle 


Fat 


Stomach 
Liver  Kidney  Ovaries  Contents 


.121+.06  .718+.268  .212+.133  .091.+.  021  .226  11.1,3 

•183                  -805                 -°53                -03A  -  .25,, 

•  259+.116  1.1.3+.17  .I04+.018  .08T+.041  .480  10.5i+,o.08 

■739+.3'.3  .857+.014  .88+.21  .o^+.ou  KM±.S9  5.95+4.35          5.70             0.205 


.651+..32 

3.  4 7+2. 79 

.67+. 58 


•343+.14,       .973+.138       „349+,,52      .0o7+.0l4       .689+.315      7.43+3-32  5.70  0.205  1.44+.8, 


• 


26 


The  liver  contained  the  highest  concentrations  (7.43  ug  Cd/g  d.w.  +  3.32) 
while  the  muscle  had  the  lowest  (.067  ug  Cd/g  d.w.  +  .014).  It  appeared 
that  analyses  on  whole  fish  for  total  body  load  for  cadmium  was  an  adequate 
measure  of  the  weighted  mean  for  all  tissues.  The  total  body  load  also 
represented  a  lower  degree  of  variability  similar  to  the  muscle  over  distance 
downstream  and  time. 

Contrary  to  the  concentrations  in  the  precipitates  and  fish,  the  ' 
macroinvertebrates  and  algae  demonstrated  a  high  degree  of  variability  with 
distance  downstream.  For  both  sample  dates,  the  concentration  of  all  metals 
in  the  algae  increased  between  Cowboy  Canyon  and  the  sample  site  below 
Evacuation  Creek  (WR03).  A  more  detailed  investigation  on  10-5-82  refined 
the  spatial  distribution  of  the  metals.  These  data  (Figure  7.2-7)  indicate 
that  the  metal  content  of  the  algae  increased  just  downstream  from  the 
confluence  of  the  White  River  with  Evacuation  Creek.  A  similar  pattern  was 
seen  for  coarse  detritus  during  the  second  sample  period  in  October  (Figure 
7.2-8). 

Although  the  general  pattern  of  the  metal  content  in  the 
macroinvertebrates  was  an  amplification  of  trends  observed  in  the  other 
ecosystem  compartments,  metal  levels  in  the  macroinvertebrates  sampled  during 
the  second  collection  decreased  immediately  below  Evacuation  Creek  (Figure 
7.2-9).  However,  below  Evacuation  Creek  the  metal  concentrations  in 
macroinvertebrates  were  found  to  be  still  higher  than  any  trophic  group  or 
compartment  sampled  at  that  location. 
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Figure  7-2-7.      The  distribution  of  metal    concentrations    in  algae 
collected    in   the  White  River  on  4/5/82  and   10/5/82. 
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Figure  7.2-8.   The  distribution  of  metal  concentrations  in  coarse 
detritus  collected  in  the  White  River  on  4/5/82  and  10/5/82, 
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Figure  7-2-9.   The  distribution  of  metal  concentrations  in  macro- 
invertebrates  collected  in  the  White  River  on  4/5/82  and  10/5/82. 
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7.2.4.2  Ecosystem  Dynamics  and  Pathway  Identification   The 
concentrations  of  trace  elements  in  most  aquatic  environments  are  usually 
very  low  (Riley  and  Chester  1971)  although,  as  noted  above,  higher 
concentrations  can  occur  in  river  and  lake  systems  associated  with  natural 
and  anthropogenic  metal  sources.  These  metal  sources  can  substantially 
increase  the  heavy  metal  concentrations  above  levels  normally  encountered  by 
the  aquatic  biota.  Increases  in  both  the  essential  (copper,  zinc,  iron  and 
others)  and  nonessential  (lead,  cadmium,  mercury,  arsenic  and  others)  metals 
may  play  an  important  role  in  regulating  both  the  structure  (Zanella  1982) 
and  function  (Medine  and  Porcella  1980)  of  the  aquatic  ecosystem. 
Furthermore,  investigations  of  heavy  metal  pollution  of  the  environment  have 
shown  that,  depending  on  the  trophic  compartment  studied  the  results  can  lead 
to  different  interpretations  regarding  the  toxicity  of  the  ambient  metal 
concentrations.  It  has  been  suggested  that,  where  possible,  any 
investigation  of  the  impacts  of  heavy  metal  enrichment  on  the  aquatic 
environment  simultaneously  determine  the  metal  concentrations  in  as  many 
trophic  levels  as  possible  (Forstner  and  Whittman  1981)  and  determine  the 
functional  responses  of  the  ecosystem  to  elevated  metal  concentrations 
(Medine  et  al.  1980). 

As  noted  in  the  Program  Description,  one  of  the  objectives  of  this  study 
was  to  define  the  transport  mechanisms,  transformation  processes  and  ultimate 
fate  of  metals  in  the  White  River  (pathway  identification), 

A.  Transport  Mechanisms  For  the  undisturbed  White  River  study  reach, 
the  source  locations  for  mass  metal  loadings  may  include;  atmospheric 
deposition,  upstream  inflow,  tributary  or  overland  inflow  and  accrual  (WRSOC 
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1982).  Point  sources  may  also  be  included  for  some  river  segments.  Within 
the  stream  reach  studied  on  the  White  River,  the  latter  three  processes 
appear  to  be  important  metal  sources.  Because  of  the  annual  fluctuation  in 
flow,  the  water  quality  of  the  White  River  as  an  upstream  source  has  been 
defined  for  the  three  major  hydrologic  periods  (Table  7.2-1)  and  as  annual 
averages  (Table  7.2-7).  In  addition,  another  potential  source  of  metals  to 
the  White  River  can  be  seen  in  Table  7.2-7,  which  represents  the  average 
water  quality  from  the  perennial  Evacuation  Creek  and  for  two  major  ephemeral 
streams  Southam  Canyon  and  Asphalt  Wash.  The  information  collected  in  this 
study  indicated  that  alluvial  accrual  may  also  represent  a  major  source  of 
metals  to  the  White  River  system  (Figure  7.2-10).  Alluvial  water  quality 
from  wells  in  each  of  the  above  major  drainages  has  indicated  high  metal 
content  in  alluvial  water  (Table  7.2-8).  It  is  believed  that  this  water  was 
entering  the  stream  because  of  significantly  higher  metal  levels  in 
macroinvertebrates  taken  from  the  side  of  the  river  adjacent  to  alluvial  fans 
compared  to  the  non-alluvial  sites  (Figure  7.2-11  and  Table  7.2-9). 
Furthermore,  specific  metals  which  were  high  in  the  alluvial  water  were 
correspondingly  high  in  the  river  biocenosis  adjacent  to  this  source. 

B.  Metal  Transformation  Mechanisms   It  has  been  noted  that  certain 
physical -chemical  characteristics  of  a  water  body  can  substantially  affect 
the  metal  ion  concentrations  within  the  water  and  therefore,  the  subsequent 
effect  of  the  metal  upon  organisms  (Figure  7.2-12).  Dissolved  oxygen  and 
temperature- (Lloyd  1965),  pH  (Whitley  1968),  redox  potential  (Reinhart  and 
F©TS.tner  1976),  hardness  (Schweiger  1956),  organics-metal  ion  interactions 
(Sprague  1968),  complexation  (Brown  and  Shaw  1974),  and  the  chemical 


Table  7-2-7.       The  concentration  of   selected  water  quality  parameters   for   several    surface  water 
sources   to  the   study   section  of   the  White  River.      (Source  WRSOC   1977) 
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Table  7.2-8.      The  concentration  of   selected  water  quality  parameters   from  alluvial   wells 
in  major  drainages   to  the  White  River.      (Source:     WRSOC   1977) 
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Table  7.2-9. 


A  two-way  analysis  of  variance  for  metals  in  White  River  macroinvertebrates 
when  compared  between  three  river  transects  (near  Cowboy  Canyon,  near  Evacua- 
tion Creek  and  near  Southarn  Canyon)  and  within  transect  locations  (adjacent  to 
alluvial  fan  and  opposite  side  of  alluvial  fan).   Data  was  collected  on  10-8-82, 
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Figure  7.2-12.  The  natural  phenomena  which  may  affect  the  concentrations 
or  heavy  metals  in  natural  environments, 
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characteristics  of  the  individual  metal  species  (Stumm  and  Morgan  1970)  have 
been  considered  to  be  dominant  factors  in  determining  the  effects  of  heavy 
metals  on  organisms.  Furthermore,  several  studies  have  noted  that  biotic 
factors  may  play  an  important  role  in  determining  the  response  of  an  aquatic 
community  to  heavy  metal  enrichment.  Factors  such  as  the  organisms'  life 
cycles  (Lovett  et  a!  1972) ,  seasonal  variations  induced  by  primary  producers 
(Morris  1971),  contamination  of  food  (Flegal  and  Martin  1977) s  and  the 
mobility  of  the  organism  (Nisimura  1974)  have  been  shown  to  be  important.  It 
is  believed  that  the  observed  concentrations  of  metals  in  the  abiotic  and 
biotic  components  of  the  White  River  ecosystem  are   the  result  of  many,  if  not 
all  of  the  above  factors.  A  specific  discussion  relative  to  each  compartment 
will  further  investigate  these  possible  mechanisms  in  later  sections  of  this 
report. 

While  data  concerning  actual  speciation  of  metals  in  the  White  River  are 
not  available  at  the  present  time,  previous  research  (Medine  1983)  indicated 
the  potential  importance  of  CaC03  precipitation,  adsorption  phenomena  and 
inorganic  and  organic  complexation  in  terms  of  regulating  soluble  metals  in 
the  Colorado  River  and  tributaries.  Mass  balance  calculations  for  Lake 
Powell  (downstream  of  the  White  River)  indicated  that  Fe,  Cu,  Zn,  Pb  and  As 
were  70%  removed  from  the  inflow  tributaries  by  Lake  Powell  and  that  Se,  Cr 
and  Ni  were  removed  to  lesser  degrees  (40%,  15%  and  8%,  respectively. 
Calculations  performed  with  MINEQL  (Westall  et  al.  1976)  indicated  that  the 
White  and  other  Colorado  River  tributaries  were  supersaturated  with  CaCOn 
asCW)(M4>3,  ZnST03,  Fe(0H)3,  Ba3(As04)2,  Pb(0H)2  and  Cu2(0H)2C03  thus 
implicating  precipitation  or  coprecipitation  of  metals  as  an  important 
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regulatory  mechanism.  Additional  reactions  (complexation,  redox)  may  also 
explain  why  Se,  Cr  and  Ni  were  removed  to  lesser  extents  than  the  other 
metaTs  in  Lake  Powell.  However,  it  appears  the  adsorption/desorption  was  a 
dominant  mechanism  controlling  the  transformation  process  and  ultimate  fate 
in  this  river  system.  It  is  not  known  whether  Cr  is  present  as  a  hexavalent 
or  trivalent  ion  although  a  reasonable  hypothesis  based  on  the  above  results 
might  anticipate  a  significant  fraction  of  Cr  occurring  as  Cr(VI).  Cr(VI)  in 
sediment-water  systems  has  been  removed  to  a  lesser  degree  than  Cr(III)  as 
noted  in  previous  research  (Medine  and  Porcella  1980,  Medine  and  Conway  1982) 
although  significant  adsorption  of  Cr(VI)  would  occur  following  reduction  to 
Cr(III).  The  implications  of  metal  speciation  will  be  expanded  upon  in  the 
following  discussion  of  metal  fates. 

C.  Metal  fate  —  Inorganic  Phase  (Calcium  Carbonate  and  Fine 
Detritus-Sediments)   The  coprecipitation  or  adsorption  of  trace  metals  with 
calcium  carbonate  has  been  documented  in  the  literature  (Patchineelam  1975). 
In  the  White  River,  the  CaC03  precipitate  contained  substantial  amounts  of 
metals  (Tables  7.2-2  and  7.2-5).  Chrome  was  in  the  highest  concentration  of 
the  metals  studied  while  cadmium  was  the  least  concentrated.  Experiments 
have  been  conducted  on  the  precipitation  dynamics  of  copper  during  base  flow 
water  quality  conditions  (Medine  et  al.  1984).  These  data  (Figures  7.2-13 
and  7.2-14)  indicate  that  a  direct  linear  relationship  exists  between  the 
initial  metal  concentration  in  the  aqueous  phase  and  the  amount  precipitated., 
A  further  inspection  of  the  fine  detritus  in  inorganic  sediments  (which  also 
contained  CaCOj  particles  as  well  as  other  minerals)  indicated  the  same 
pattern.  The  magnitude  of  the  metal  concentrations  in  this  inorganic  phase 
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Figure  7-2-14.   The  relationship  between  the  initial  copper  con- 
centration and  the  amount  of  copper  precipitated  from  White 
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(Table  7.2-2)  when  compared  to  literature  values  (Table  7.2-10)  indicated 
that  chrome  and  nickel  were  in  concentrations  equal  to  or  above  those  in 
contaminated  systems.  Cadmium  and  copper,  although  higher  than  naturally 
occurring  values  in  other  systems  were  not  in  concentrations  equal  to 

smtmm laminated  river  sediments.  Lead  and  zinc  were  equal  to  natural 

. «*wQeftcentratl0f«  from  other  uncontaminated  systems. 

In  Table  7.2-11,  the  concentration  factors  (water  to  sediments)  based 
upon  the  average  dissolved  metal  concentrations  in  the  White  River  from 
1949-1982  (WRSOC  1982)  matched  the  sequence  of  divalent  metal  concentrations 
(Pb>Cu>Ni>Zn>Cd)  found  by  Mitchell  (1964)  and  Reynolds  (1935).  It  appears 
that  Pb,  which  had  the  highest  concentration  factor  in  the  inorganic  phase 
(precipitates  and  sediments),  and  the  lowest  concentration  in  the  water,  has 
the  ability  to  preferentially  compete  for  exchange  sites  on  the  sediment 
clays  and  desorb  other  metals  such  as  Cd  and  Zn  (Soong  1974).  The  general 
sequence  in  order  of  decreasing  ability  to  exchange  is  Pb>Cr>Cu>Ni>Zn>Cd. 
This  represents  the  same  sequence  observed  in  the  concentration  factors. 

One  of  the  overriding  fates  of  metals  entering  the  White  River  system 
appears  to  be  the  adsorption  onto  suspended  materials  and  their  deposition 
into  the  stream  sediments.  The  quantitative  description  of  heavy  metal 
adsorption  and  desorption  has  been  and  is  currently  an  area  of  intensive 
research  activity.  It  is  generally  understood  that  descriptions  of  metal 
pathways,  speciation  and  fates  must  include  the  role  of  adsorption  in  the 
regulation  of  metal  concentrations.  Heavy  metal  accumulation  by  sediments 
and  tuspended  natter  occurs  by  physical-chemical  adsorption,  biological 
uptake  and  by  physical  accumulation.  The  physical -chemical  adsorption  on 
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Table  7.2-10. 


The  concentrations  of  Cd,    Cr,    Cu,    Pb,    Ni    and  Zn   for 
various   components   of   the   aquatic  ecosystem   from 
selected   studies. 


Ecosystem   Site 

Inorganic   phases 
Sediments 


ScdiraentS 


S*diments 


Sediments 


Geographical 

Location 


Menominee  River    (Michigan) 
background 
contaminated 

River  £therow(£ngland) 
background 
contaminated 

Swiss   Rivers 
background 
contaminated 

Lake  Powel J 

background 
contaminated  (lab) 


Metal  Concentration  ug/g  dry  weight 


Organic  phases  (periphyton) 

Cladophora  Vermillion  River  (Illinois) 

background 
contaminated 


Cladoohora 


Cladophora 


Lake  Ontario 
background 
contaminated 

Leine  River/fRG 
background 
contaminated 


Cr 


Cu 


Pb 


Ni 


Zn 


Reference 


0.1 

9.3 

10. S 
23-7 

10.0 
37.0 

143 
315 

8.2 
19.9 

124 

230 

Lee  et  al.  (1582) 

2.4 
23.0 

9.6 

99.6 

10.0 
72.0 

200 

- 

74.0 
4960 

Say  et  al.  (1981) 

-0.3 
<  9 

.   ~ 

-- 

~50 
100-300 

„ 

~75.0 
225-750 

Vernet  et  «1 . 
(1977) 

2.55 

4.60 

19-2 
42.0 

-- 

60.0 
104.0 

~ 

12.5 
266 

Med  In®  £  Porcei 14 

(1980) 

- 

-- 

-- 

14.9 
347 

46 
265 

- 

Leland  and  McNurne 
(1974) 

1.4 
3.9 

- 

6.1. 

7.2 

12.2 
9.5 

- 

8.2 
23.7 

Keener  et  a  1 . 
(1976) 

0.23 
0.3«t 

" 

9.1 
23.0 

5.2 

49.2 

11.9 
23.8 

62 
190 

Abo-Kady   (1977) 

Organic  phase  (macrcinvertebrates) 


Asel  lm 

Brachycentrus 

Hydrppsyche 

Gammarus 

Organic   phase    (fish) 
Blue    gill 
Varmouth 
iargemouth   bass 

tedfin    pickerel 
Hake   chubsucker 

Shorthorn    sculp  in 
A<r*Ic  Char 


Elseni    River    (F.D.R.) 
background 
contaminated 

Sacramento   River    (California) 
background 
contaminated 

Sacramento  River    (California) 
background 
contaminated 

River  Werra  and  Ucscr 


Q.*»7 
2.97 


<  2,0 
5.8 


<2.0 
5.5 

0.18-0.77 


Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Sk  inface  Pond  (So.  Carol i  na) 

Scrachcona  Sound  (Northwest 

Terr i  tor ies) 

Scrathcona  Sound (Northwest 

Terr i  tor Ies) 


1 .0-1.6 
1.6-2.3 


8.64 
19.91 

2.69 
16.50 

159 
155 

- 

168 
241 

- 

2.15 

1. 10 

2.04 

0.80 

1.88 

0.50 

2.77 

1.10 

2.64 

0.1.0 

1.6-9.9   0.1-1.2 


I. 1-4. 2   0.2-0.5 


113 

Prosi  (1977) 

203 

32 
682 

Zanella  (1382) 

178 
1096 

Zanella  (1922) 

Zauke  (1382) 

11.2 

'03 

Wiener  and  Ciesy 
(1379) 

75 

216 

79 

28-100 

Bonn  and  Fal 1  is 
(1978) 

14-33 


Table  7.2-11. 


The  concentration  factors  from  water  into  each  major  component  of  the  White  River 
ecosystem.   Data  collected  on  4-25-82,, 


Concentration 

Factors 

1 

norgan  ic 

Organic 

Coarse 

Peri- 

Macro- 

Metal 

PPt 

Sediments 

Organics 

phyton  1 

nvertebrates  Fish 

Ni 

.58 

.71 

.71 

.69 

1.36 

.17 

Cr 

1.20 

2.10 

.92 

1.90 

2.30 

.25 

Cd 

.42 

•  77 

1.80 

.94 

9.50 

1.42 

Pb 

1.60 

5.56 

2.70 

3-50 

3.18 

.38 

Cu 

.64 

•  72 

4.60 

•  55 

3.50 

.70 

Zn 

.17 

Pb 

.56 
Pb 

1.50 
Cu 

.59 
Pb 

1.96 

Cd 

1.40 

Highest 

Cd 

i 

i 

Cr 

Cr 

Pb 

Cr 

Cu 

Zn 

Cu 

Cd 

Cd 

Cd 

Pb 

Cu 

Ni 

Cu 

Zn 

Ni 

Cr 

Pb 

1 

' 

Cd 

Ni 

Cr 

Zn 

Zn 

Cr 

Low 

2St 

Zn 

Zn 

Ni 

Cu 

Ni 

Ni 

H  i  g  he  s  t-^— »>Lowe  s  t 
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M>S>P>Pt  >C  >F 
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suspended  particles  and  the  concurrent  sediment  accumulation  or  enrichment 
appears  to  be  the  major  mechanisms  by  which  periodic  metal  loads  are 
attenuated  in  the  White  River. 

Tine  difficulty  in  developing  quantitative  models  to  describe 
adsorption/desorption.  in  natural  environments  is  due  to  the  complexity  of 
natural  sediments  and  particulatess  the  effect  of  inorganic  and  organic 
ligands  upon  adsorption,  the  metal  species  distribution,  and  other 
physical -chemical  attributes  of  the  environmental  system  (pHs  adsorbent 
concentration,  etc).  To  overcome  some  of  this  difficulty,  adsorption  studies 
using  "model"  surfaces  (clays,  Al^,  Fe[0H3J,  Mn02)  have  been  performed  and 
have  provided  an  important  understanding  of  the  mechanisms  involved.  A 
considerable  amount  of  work  has  been  reported  on  the  adsorption  of  metals  by 
clays  (Jenne  1977,  Far-ran  et  al.  1980)  although  some  evidence  indicates  that 
clays  naturally  exist  as  substrates  coated  with  metal  oxides  or  organic 
matter  (Bourg  1982). 

Additionally,  work  with  metal  oxides  (Dempsey  &  Singer  1980,  Benjamin 
and  Leckie  1981,  Elliott  and  Huang  1979)  has  resulted  in  considerable 
advances  in  the  understanding  of  metal  uptake  mechanisms.  Complexation  of 
metal  ions  by  inorganic  and  organic  ligands  can  have  a  considerable  impact  on 
the  adsorption  by  solid  surfaces  with  the  result  showing  an  enhancement, 
suppression  or  no  effect  upon  metal  adsorption  (Benjamin  and  Leckie  1981, 
Elliott  and  Huang  1980).  Metal  adsorption  studies  using  real  sediments 
(Brown  1979,  Sholkovitz  and  Copeland  1981,  Gardiner  1974)  can  provide  hints 
about  potential  adsorption  mechanisms  and  statistical  correlations  between 
particular  sediment  parameters  and  the  metal  mass  adsorbed,  but  cannot  give 
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detailed  information  on  the  operative  mechanisms.  It  is  clear  that  further 
work  is  necessary  to  quantitatively  describe  the  adsorption  process  in 
natural  systems.  A  series  of  preliminary  absorption  experiments  were 
conducted  in  the  White  River  with  Pb,  Cu  and  Zn  (representing  high  and  low 
sediment/metal  concentrations,  from  Table  7.2-11).  These  suspended  sediment 
experiments  (Medine  et  al.  1984)  were  conducted  in  situ  using  reaction 
chambers,  with  natural  water  and  sediments  from  the  White  River.  The  data 
indicated  that  metal  removal  was  very  rapid  (<lhr.)  and  that  increasing 
particulate  concentration  and  pH  were  important  factors  in  reducing 
equilibrium  concentrations  of  the  metal  (Figures  7.2-15  and  7.2-16). 
Furthermore,  a  comparison  of  the  concentration  factors  for  White  River 
sediments  (Table  7.2-11)  indicated  that  Pb  would  be  removed  to  a  greater 
extent  than  Zn.  The  results  from  the  in  situ  adsorption  study  substantiated 
this  conclusion  (Figure  7.2-17). 

D.  Metal  Fate-Organic  Phase  The  passive  movement  of  heavy  metals  onto 
detrital  organics  by  adsorption  has  been  investigated  by  Rashid  (1974)  and 
Jonasson  (1977).  In  general,  the  sequence  of  highest  to  lowest  concentration 
factors,  based  upon  literature  values  are:  Pb>Cu>Cd>Ni>Zn« 

This  sequence  corresponds  to  the  observed  values  from  the  White  River 
(Table  7.2-11)  for  the  coarse  detritus-organic  phase.  The  similarities  in 
these  two  sequences  may  indicate  that  the  concentration  of  metals  in  this 
organic  compartment  may  be  the  result  of  the  dissolved  metal  concentrations 
and  the  adsorption  ability  and/or  complex  stability  of  the  individual  metal 
Sijpeci&s. 
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Figure  7.2-15.  The  effect  of  initial  copper  and  suspended  solids 
on  the  2k   hr  equilibrium  dissolved  Cu  (Top)  and  the  effect 
of  initial  zinc  and  suspended  solids  on  the  2k   hr  equilibrium 
dissolved  Zn  (Bottom)  during  field  experiments  on  the  White 
River.   The  reactor  volume  was  8  liters  and  temperature  was 
maintained  at  ambient  river  temperature. 
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Figure  7.2-16.  The  effect  of  pH  on  the  equilibrium  level  of  Cu  and 
Zn  during  field  experiments  on  the  White  River.   Desorption 
was  highly  significant  for  Zn.   The  initial  levels  of  dissolved 
weta\  were  5  ug/1  for  both  metals. 
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Figure  7.2-17.  Adsorption  vs.  time  for  three  levels  of  Pb  and  Zn 

during  field  experiments  on  the  White  River  in  November,  1982, 
Each  reactor  volume  =  8  liters. 
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Aqaatic.  organisms  have  a  requirement  for  certain  essential  metals  (Cu 
and  In},   while  some  metals  (Cd,  Cr5  Pb  and  Ni )  are  considered  nonessential. 
Recent  studies  (Davies  1973,  Vancutsem  and  Gillet  1982,  Harding  and  Whitton 
1981)  have  shown  that  the  uptake  of  certain  heavy  metals  by  aquatic  plants 
was  initially  a  passive  process  of  adsorption  onto  the  cell  walls.  The 
actual  uptake  was  controlled  by  the  rate  of  diffusion  into  the  cell.  The 
concentration  of  metals  in  the  periphyton  (Cladophora  sp.)  from  the  White 
River  indicated  that  all  the  metals  studied  were  higher  than  previously 
determined  background  levels  from  uncontaminated  systems  (Table  7.2-10).  In 
several  cases  (Abo-Rady  1977,  Kenney  et  al.  1976)  the  background 
concentrations  in  the  White  River  were  higher  than  contaminated  sites.  It 
should  be  noted,  however,  that  Leland  and  McNurney  (1974)  reported 
concentrations  of  Ni  and  Pb  in  Cladophora  sp.  taken  from  a  contaminated 
section  of  the  Vermillion  River  that  were  10  times  higher  than  those  reported 
in  this  study.  The  concentration  factors  (Table  7.2-11)  for  the  organic 
phase  are  comparable  to  other  literature  values  (Medine  and  Porcella  1980). 
As  noted  above,  the  sequence  of  decreasing  concentration  factors  corresponded 
to  the  sequence  of  decreasing  passive  adsorptive  abilities  of  the  specific 
metals  onto  organic  materials. 

Unlike  the  plants  which  were  previously  discussed,  there  are  several 
ways  in  which  heavy  metals  can  be  introduced  into  animals.  In  general,  there 
are   three  basic  mechanisms:  (1)  direct  uptake  via  skin  or  gills,  (2) 
adsorption  onto  body  tissues,  and  (3)  from  food. 

It  should  be  noted  that  the  macroinvertebrate  trophic  level  in  this 
study  contained  a  variety  of  organisms  with  different  food  sources.. 
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Detrifcivores,  herbivores,  omnivores  and  carnivores  were  included.  However, 
in  each  case  the  food  types  eaten  by  these  macroinvertebrates  contained 
significantly  higher  levels  of  metals  when  compared  to  the  water. 
Furthermore,  several  of  the  dominant  species  from  this  trophic  level  were 
constantly  in  direct  contact  with  the  sediments  (where  elevated  metal 
concentrations  were  detected).  It  was  believed  that  because  of  these  factors 
and  the  apparent  lack  of  a  homeostatic  controlling  mechanism  (i.e. 
excretion),  this  trophic  group  had  the  highest  metal  concentration  factor 
(except  for  Pb)  relative  to  the  water  (Table  7.2-11).  These  results  are 
consistent  with  the  findings  of  Bryan  and  Hummerstone  (1971).  Cadmium,  which 
had  the  highest  concentration  factor,  was  found  to  be  substantially  higher 
than  reported  literature  values  for  macroinvertebrates  in  contaminated 
rivers.  Zinc  was  found  to  be  above  background  levels;  whereas,  Cr,  Cu,  Pb 
and  Ni  are  comparable  to  other  natural  background  values. 

In  comparison  to  literature  values  (Table  7.2-10),  the  whole  body  metal 
load  in  fish  from  the  White  River  contained  substantially  higher  levels  of 
all  metals  when  compared  to  other  uncontaminated  rivers.  Experimental 
studies  have  indicated  that  in  most  cases  the  rates  of  metal  uptake  in  fish 
iiave  been  related  to  the  concentrations  in  the  water  (Pentreath  1973)  and 
(more  importantly)  to  the  metal  concentrations  in  the  food  (Hoss  1964,  Renfro 
et  al.  1974,  Delisle  et  al.  1975).  However,  numerous  studies  have  also 
shown  that  there  is  no  certainty  that  the  concentrations  in  the  fish  will 
refTlect  those  of  the  environment  regardless  of  the  metal  source  (water  or 
food).  This  Is  especially  true  for  such  metals  as  copper  and  zinc  where 
excretion  or  some  sort  of  regulatory  mechanism  has  been  shown  to  exist  (Mount 
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1964',  Brungs  et  al.  1973,  Fromm  and  Stokes  1962).  Non-essential  metals  such 
as  Cd,  Ni,  Cr,  and  Pb  are  not  as  well  regulated  and  can  accumulate  to  levels 
10  to  10  times  the  levels  observed  in  the  water  (Table  7.2-11). 

E.  Metal  Trophic  Level  Accumulations  An  attempt  has  been  made  in  the 
previous  section  to  quantitatively  describe  the  transport,  transformation  and 
fate  of  heavy  metals  in  the  White  River  ecosystem  adjacent  to  the  Federal 
Lease  Tracts  Ua-Ub.  There  are  conflicting  results  from  studies  which  center 
around  the  concept  of  food  chain  enrichment  with  heavy  metals.  The  results 
presented  here  appear  to  agree  with  the  findings  of  Enk  and  Mathis  (1977). 
Table  7.2-11  and  Figure  7.2-18  indicate  that  to  a  certain  extent,  metal 
concentrations  within  the  trophic  structure  were  accumulated  through  the  food 
chain,  especially  for  non-essential  metals.  The  major  sequence  in  decreasing 
concentrations  by  trophic  group  were:. 

macroinvertebrates>coarse  detritus>periphyton_>sediment>precipitate>fish 

Although  the  species  of  metals  studied  exhibited  food  chain  enrichment 
to  various  degrees,  macroinvertebrates  generally  had  the  highest 
concentration  and  fish  the  least.  The  interrelationship  between  metal 
content  in  the  surrounding  environment  (water,  sediment,  etc.)  and  the 
ability  to  bioregulate  both  essential  and  nonessential  metals  appear  to  be 
important  regulating  factors.  Although  demonstrating  major  differences  in 
concentrations  a  strong  relationship  was  found  between  the  metal  content  in 
macnoi vertebrates  and  precipitates  for  all  metals  except  chromium  and  copper 
(Table  7.2-12  and  Figure  7.2-19).  These  data  indicate  that  the  precipitates 
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•  7.2  .8.   fhe  trophic  level  accumulations  for  the  selected  heavy 
metals  studied  in  the  White  River.   Numbers  in  parenthesis  (  ) 
represent  ug/g  d.w.   While  numbers  by  the  arrows  are  concentra- 
tion  factors. 


Table  7.2-12, 


The  regression  equations  between  the  metal  concentrations  in  precipitates 

and  macroinvertebrates  in  the  White  River.  Data  collected  on  4-25-82  and  10-8-82 

10-8-82. 


Element 

Lead 

Cadmium 

Nickel 

Zinc 

Chromium 

Copper 


Equation(y=ax+b)  0) 

y  =  2.57X-12.51 
y  -  62.3x-24.57 
y  =  7.89x-79.60 
y  -  120.3x-2870 
y  -  2.69x-48.78 
y  =  13.45x-53.38 


Significance  Level 


8 
8 
8 
8 
8 
8 


.93 

.01 

.94 

.01 

.83 

.01 

.49 

.05 

.40 

NS(2) 

.27 

NS<2> 

'  '  ya  macroinvertebrate  concentration  (ug/g  dry  weight) 
x  =  precipitate  concentration  (ug/g  dry  weight) 

l2^NS  =  not  significant 
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Figure  7.2-19.   The  rel at ionship  between  macroinvertebrate  metal  content 
and  precipitate  metal  content  for  all  sites  in  the  White  River. 
Data  was  collected  on  4-25-82  and  10-5-82. 
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in  the  White  River  appear  to  reflect  long  term  site-specific  water  quality; 
whereas  the  nacroin vertebrates ,  although  having  the  same  trends,  tend  to 
amplify  the  short  term  metal  events  (periodic  loads). 

F«  Critical  Pathway  or  Process  Identification   Few  studies  have 
attempted  to  describe  the  critical  pathways  in  an  ecosystem  by  defining  the 
in  situ  reponse  of  the  system  to  experimental  pollutant  loads.  Gachter 

(1979)  attempted  such  a  study  in  a  lake  ecosystem,  while  Medine  et  al . 

(1980)  documented  a  laboratory  ecosystem  response  to  heavy  metal  loads. 
Carter  and  Lamarra  (1983)  demonstrated  that  the  use  of  community  production 
and  respiration  rates  were  significant  and  sensitive  indicators  to  external 
perturbations.  Furthermore,  it  appeared  that  the  in  situ  response  from 
different  systems  to  the  same  perturbation  was  dependent  upon  site-specific 
characteristics.  A  similar  preliminary  experiment  was  conducted  in  the  White 
River  (11-3-82  to  11-5-82)  and  has  been  reported  by  Medine  et  al.  (1983). 
During  this  experiment,  four  chambers  were  used  with  the  following 
treatments:  (1)  no  additions  (control),  (2)  EDTA  (5xl0~7  M),  (3)  low  metal 
additions,  and  (4)  high  metal  additions.  The  results  of  the  control  run 
(first  24  hours)  and  the  experimental  run  with  additions  can  be  seen  in  Table 
7.2-13.  EDTA  addition  and  the  control  chamber  with  no  additions  were  similar 
on  both  days.  Low  metal  additions  stimulated  net  production,  gross 
production  and  respiration,  and  high  metals  inhibited  net  production  and 
stimulated  respiration.  The  metal  concentrations  (Pb,  Cu  and  Zn)  were 
reduced  within  line  chambers  during  the  24  hours  of  the  experiment  from  the 
initial  levels  (Table  7.2-14).  Pb  was  reduced  to  below  detectable  levels 


Table  7.2-13.   The  net  production,  respiration  and  gross  production  estimates  from  the 
control  and  treatment  chambers  In  the  White  River,  Utah.   Experiments 
were  conducted  between  11-3*82  and  11-5-82. 


Control  Run(mg  0?/m^/day 
Net  Respi  ration  Gross 
810       317        1036 


647 


7*i1 


354 


306 


298 


165 


867 


954 


453 


Treatments 


#1  No  Additions 
111   EDTA 
#3  Low  Metal 
#4  High  Metal 


With  Addi tions  (mg  02/m2/day 

Net(%)*      Respiration(%)   Gross(%) 
951(117%)      317  (100%)    1177(114%) 


768(119%) 


964(130%) 


311(88%) 


330  (109%)    1004(116%) 


304  (102%)    1181(123%) 


237  (144%)     453(100%) 


%  -  represents  the  %  of  the  control  with  the  control  being 
expressed  as  the  previous  days  production-respiration 
experiment.   100%  indicates  that  the  control  and  treat- 
ments were  equal . 


en 
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Table  7 . 2  — 1  ** -   The  soluble  concentrations  of  Pb,  Cu  and  Zn  In  the  experimental  production/ 
respiration  chambers  in  the  White  River,  Utah  between  11 -3-82  and  11-5-82. 


Treatment 


Soluble  Metal  Concentrations  (ug/1) 
Pb  +2(ug/l)  Cu+2(ug/l) Zn+2(ug/l) 


Initial   8hrs    2Ws     initial   8hrs    2lthrs        Initial   8hrs     2Ws 


No  Additions  1.0  <0.5  <0.5  7-0  7.0  7-6  25-0  11.5  10*3 

EDTA  1.0  <0.5  <0.5  7-0  5.6  h.6  25.0  11.0  9.6 

Low  Metals  6.0  <0.5  <0.5  32.0  1H.0  13.0  75.0  22.0  13-2 

High  Metals  21.0  *t.5  <0.5  107.0  30. 0  36. 0  225-0  5*1.0  30.5 


en 
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within  8  hours  after  the  start  of  the  experiment.  The  results  indicated  that 
the  White  River  ecosystem  may  have  adapted  to  periodic  natural  metal  loads  it 
receives  and  that  the  community  response  can  be  quantified. 

There  are  numerous  examples  in  the  literature  where  organisms  have  been 
shown  to  increase  their  tolerance  to  the  toxic  effects  of  some  metals.  Fish 
(Sinley  et  al.  1974),  macroln vertebrates  (Saliba  and  Ahsanullah  1973),  and 
algae  (Morris  et  al.  1972)  have  provided  several  examples  of  this  possible 
mechanism.  It  has  been  suggested  that  their  tolerances  may  be  genetically 
determined;  however,  the  evidence  at  the  present  time  is  incomplete  (Bryan 
and  Hummerstone  1973). 

A  second  possible  mechanism  of  adaptation  may  be  the  temporal 
distribution  of  organisms  within  the  White  River  system.  Zanella  (1982) 
noted  a  change  in  species  composition  within  the  macroinvertebrate  community 
structure  over  a  15  year  period  as  a  result  of  low  level  metal  pollution. 
The  two  organisms  described  in  that  study  were  also  found  in  the  White  River. 
The  distribution  of  these  two  species  over  time  in  the  White  River  indicated 
that  the  more  resistant  species  an  invertebrate,  Hydropsyche  sp.  was  present 
when  water  quality  was  potentially  at  its  worst  during  base  flow  conditions; 
whereas,  the  less  resistant  species  was  present  only  during  upper  basin 
runoff  when  the  best  water  quality  conditions  occurred, 

A  third  possible  mechanism,  the  adsorption  and  desorption  of  the  soluble 
metals  with  suspended  sediments,  was  investigated  simultaneously  with  the  P/R 
experiments  (Medine  et  al.  1983)  and  have  been  summarized  here.  These  data 
indicate  that  the  suspended  sediments  within  the  White  River  can 
substantially  and  rapidly  reduce  the  concentrations  of  dissolved  heavy 


60 


metals.  Adsorption  of  metals  into  the  organic  phase  including  algae  and 
coarse  detritus  may  also  be  an  important  factor  in  the  removal  of  metals  from 
solution  and  its  concurrent  increase  in  the  phase  of  macroinvertebrates.  The 
consistent  levels  of  metals  in  the  inorganic  precipitate  and  sediments  and 
fish  compartments  with  distance  downstream  (Figures  7.2-4,  7.2-5  and  7.2-6) 
and  the  similarities  in  the  sequences  of  adsorption  ability  of  the  metals 
^compared  to  the  concentration  factors,  may  indicate  that 
adsorption-desorption  has  regulated  the  concentration  of  metals  in  the  White 
River  between  storm  events. 

It  is  important  to  note,  that  although  the  White  River  maintains  a 
diverse  and  productive  ecosystem,  the  metal  concentrations  present  within  the 
trophic  structure  are  elevated  above  literature  background  levels.  The  exact 
mechanisms  (genetic  shifts,  organism  tolerance,  spatial  and  temporal 
separation  and  the  role  of  suspended  sediments)  by  which  this  community  can 
maintain  its  structure  and  function  require  further  investigation. 
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